Introduction
Existing assumptions about the m echanism of peroxidase catalyzed oxidation o f indole-3-acetic acid (IAA) and the pathway o f IAA m etabolism are still controversial. Some workers have proposed a free-radical mechanism which involves a reaction of 0 2 with IAA free-radicals but not with peroxidase [1] [2] [3] . Others have proposed an oxygenase-type mechanism which involves a direct activation o f 0 2 by peroxidase [4] [5] [6] [7] [8] . The m ain products o f the IAA oxidation reaction were thought to be indole-3-aldehyde (IA1) and 3-hydroxym ethyloxindole (HMOx) which is nonenzym atically converted into 3-methyleneoxindole (MOx).
Very recently a num ber o f argum ents were pres ented that the peroxidase catalyzed degradation of LAA results in the form ation o f indole-3-m ethanol (IM) in the presence of phenolic com pounds or of HMOx in their absence [9] . The results were inter preted in favour o f the assum ption that the phenols compete with a m ethyleneindolenine interm ediate for H 20 2 which is produced by oxidase action preceding the peroxidase action in the course of IAA degradation ( a self-detoxifying property to the IAA-phenols cooxidizing system. The form ation o f H 20 2 is critical to the concept cited above. In this paper some additional evidence and more detailed inform ation is given concerning the formation o f H 20 2 in peroxidase catalyzed IAA degradation. Hydrogen peroxide form ation was m onitored by trapping 14C 0 2 release from [ l -14c]glyoxylic acid [10] or by measuring fluorescence intensity o f fluorescing products form ed from HPPA or tyram ine in H20 2/ HRP-systems [11] and H 20 2-generating IAA/HRP systems. Fluorescence was measured using a Jobin Yvon JY3D spectrofluorim eter at 414 nm with the excitation at 288 nm (data are uncorrected).
Materials and Methods

Purified
Enzymic reactions were perform ed in phos phate buffer, 0.05 m, pH 5.0. For the purpose of quantitative H 20 2 estim ation by fluorescence m ea surements, the procedure was as follows: HPPA, tyramine, H 20 2, or IAA were added from appropri ate stock solutions to the reaction mixture (for con centrations see Results). The final volume was 4 ml. The reaction was started by the addition of H RP from a diluted stock solution at 22 ° C. Fluorescence was measured after com pletion o f the reaction (see Results).
To investigate the products form ed from [U -I4C]-phenol, the latter instead o f HPPA was added to H 20 2/H R P systems or to IA A /H RP systems. After 30 min 50 |al aliquots were applied to 7 cm sections of TLC plates (KG F 254; Merck) which had been marked before with an appropriate mixture of reference compounds. The solvent system was benzene/dioxane/acetic acid (90:25:4). For quantita tive estimation the compounds were scraped of from the plates and mixed with scintillation reagent and thixotropic gelling agent. Radioactivity was measured using a Berthold BF 8000 scintillation counter program m ed for autom atic quench correc tion.
Results and Discussion
Measuring the H 20 2-dependent release o f 14C 0 2 from radiolabelled a-keto acids provides a sensitive method of determining H 20 2 [10] . W hen using this method to study the production of H 20 2 in the HRP/IAA system, a significant increase in the release of 14C 0 2 from [14C]glyoxylate was observed in the absence of a phenolic factor (Fig. 2) . On a molar basis, however, the am ounts of 14C 0 2 re leased, i.e. the amounts of H 20 2 available for the decarboxylation reaction, were small com pared to the amounts of IAA oxidized during the reaction period. When phenol was added to the system, then the availability of H 20 2 as indicated by the release of 14C 0 2 was drastically decreased. At a glance, such a result could be misleadingly interpreted to favour the assumption that H 20 2 production, though signif icant in the absence of phenols, does not play a major role in IAA degradation catalyzed by per oxidase.
However, according to the IAA-phenol cooxida tion model cited in Fig. 1 , it would be expected that is not readily released from the protein or th at its consumption by the reactions described above is fast compared to its reaction with the a-keto acid, one would suspect that H 20 2 production during the peroxidase-catalyzed IAA m etabolism cannot be reliably determined using the test system described above.
A different approach to this problem has now led to results which are in full agreement with the model cited above. It has been previously shown [9] th at no specificity exists concerning the phenolic cosub strates in the peroxidase-catalyzed IAA degradation. Consequently, it should be possible to m easure the H20 2-dependent form ation o f fluorescent products from suitable phenolic substrates, e.g. HPPA or tyramine [11] . The results obtained using such systems containing IAA, peroxidase, and HPPA or tyramine are presented in Fig. 3 . As judged on the basis of fluorescence m easurem ents, it is evident from the "H 20 2 curves" (A I, B I) and the " IAA curves" (A II, B II) that considerable am ounts of H20 2 must have been produced during IAA oxida tion under the conditions o f the test. The discre pancy between curves I and II cannot be fully ex plained on the basis o f the available results. It does not necessarily m ean that less than equim olar amounts of H20 2 are produced from IAA at the higher concentrations. Instead, some additional ex periments (not described in detail) indicated that the observed discrepancy is the result of opposing effects upon the fluorescence intensities caused by the various factors present in the com plex systems. Thus, indolic products o f IAA oxidation appear to contribute to increased intensity o f fluorescence at low concentrations o f IAA and to increased quench ing of fluorescence at the higher concentrations of IAA metabolites when in com bination with high concentrations of phenolic products. So far however, the complexity of the systems rendered it difficult to apply standard techniques for correction o f fluo rescence data.
If the phenolic substrates were added after con sumption of the IAA, then clearly reduced yields of H 20 2 could be detected on the basis o f fluorescence measurements ( Fig. 3; A III, B III) . This result can easily be explained on the basis of the m odel cited above (Fig. 1) assuming that the H 20 2 produced during IAA oxidation is consumed by oxindole formation under these conditions.
It is also evident that the fluorescence intensity, i.e. the amount of H 20 2 generated by oxidation of IAA, is not significantly affected by changing the relative concentrations of IAA and the enzyme, i.e. the IAA/HRP ratio (Fig. 4) . Such a result is im por tant since it may help to clarify some earlier obser vations, namely that the nature of products formed from IAA varies with the substrate/enzym e ratio [1, 12] . Apparently, such findings are at variance with the results presented above. As cited in Fig. 1 , the nature of the products formed from IAA is cor related with the mode of H 20 2 consum ption, i.e. with the availability of phenolic cosubstrates. In accordance with this model, the nature o f products varies with the IAA/phenol ratio [9] . C orrespond ingly, even small amounts of phenolic im purities The formation of o,o'-biphenol in an H R P /H 20 2/ phenol system has been described [13] . U nder the conditions of this study, however, a characteristic product from phenol was apparently /?,//-b ip h en o l instead of o,o'-biphenol as was dem onstrated by comparison with authentic standards using TLC.
As far as HPPA is concerned, purified products resulting from HPPA in IA A /H R P systems or H 20 2/H R P systems exhibited identical fluorescence excitation and emission spectra (results not shown in detail). This provides further evidence that the same type of products is formed in the presence of IAA or of H20 2.
Observed effects of H20 2 on the peroxidase cata lyzed metabolism of IAA have often been discussed in relation to peroxidative inactivation o f inhibitory polyphenolic compounds [e.g. 14]. On the other hand, the observation that IAA added to pea stem sections promoted pyrogallol oxidation was taken as an indication that H 20 2 could have been produced during IAA oxidation in the system [15] . Owing to some inconsistencies the latter interpretation has been critically reviewed [16] . Further substantiation comes from a notice showing that there were some amounts of H 20 2 found in a crude corn extract/IA A system [17] . In addition, production of H 20 2 by oxidase action on IAA and its involvement in subsequent processes during the course of IAA metabolism was indicated by the effect of catalase and H20 2 on the type of products formed in IAA/ HRP systems [9] . Finally, the results also agree well with earlier observations that the oxidation o f IAA by peroxidase proceeds with the consum ption of 1 mol 0 2/m ol IAA oxidized, and the form ation of 1 mol C 0 2/m ol 0 2 consumed [e.g. 14] .
Summarizing, clear evidence is presented that H 20 2 is produced in an oxidase step during the course of LAA oxidation and that this H 20 2 is consumed by subsequent peroxidase action in the
